(19) 



J 



(12) 



(43) Date of publication: 

11.11.1998 Bulletin 1998/46 

(21) Application number: 98106059.3 

(22) Date of filing: 02.04.1998 



Europaisches Patentamt 
European Patent Office 
Off ice europeen des brevets (11) EP 0 877 304 A2 

EUROPEAN PATENT APPLICATION 

(51) Int. CI. 6 : G03G 21/16 



(84) Designated Contracting States: 

AT BE CH DE DK ES Fl FR GB GR IE IT LI LU NIC 
NL PT SE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 11.04.1997 US 43579 P 
25.11.1997 US 978307 

(71) Applicant: Xerox Corporation 
Rochester, New York 14644 (US) 

(72) Inventors: 

• Perez, Porfirio J. 

Walworth, New York 14568 (US) 

• Vanbortel, David P. 
Macedon, New York 14502 (US) 

• Beard, Michael E. 
Webster, New York 14580 (US) 

• Kulbida, Ihor 

Fairport, New York 14450 (US) 
» Budnik, Roger W. 
Rochester, New York 14622 (US) 



• Pacer, James M. 

Webster, New York 14580 (US) 

• Raj, Guru B. 

Fairport, New York 14450 (US) 

• Shoemaker, Ralph A. 
Rochester, New York 14618 (US) 

• Swales, Michael G. 
Sodus, New York 14450 (US) 

• Rollins, David E. 

Lyons, New York 14489 (US) 

• Bhattacharya, Ameet S. 
Rochester, New York 14607 (US) 

• Kolb, Steven E. 

Estero, Florida 33928 (US) 

(74) Representative: 

Grunecker, Kinkeldey, 
Stockmair & Schwanhausser 
Anwaltssozietat 
Maximilianstrasse 58 
80538 Munchen (DE) 



(54) System for managing fuser modules in a digital printing apparatus 

(57) A fuser module (12), being a fuser subsystem 
installable in a xerographic printing apparatus, includes 
an electronically-readable memory (13) permanently 

associated therewith. The control system of the printing ^ 
apparatus (30) reads out codes from the electronically- 
readable memory (13) at install to obtain parameters for 
operating the module, such as maximum web use, volt- 
age and temperature requirements, and thermistor cali- 
bration parameters. 
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Description 

Field of the Invention 

The present invention relates to a system for con- 
trolling replaceable modules, also known as "customer 
replaceable units" or CRUs, in a digital printing appara- 
tus, such as a digital electrophotographic printer/copier. 

Background of the Invention 

In the office equipment industry, different custom- 
ers have different requirements as to their business 
relationship with the manufacturer of the equipment or 
other service provider. For various reasons, some cus- 
tomers may wish to own their equipment, such as copi- 
ers and printers, outright, and take full responsibility for 
maintaining and servicing the equipment. At the other 
extreme, some customers may wish to have a "hands 
off" approach to their equipment, wherein the equip- 
ment is leased, and the manufacturer or service pro- 
vider takes the entire responsibility of keeping the 
equipment maintained. In such a "hands off" situation, 
the customer may not even want to know the details 
about when the equipment is being serviced, and fur- 
ther it is likely that the manufacturer or service provider 
will want to know fairly far in advance when mainte- 
nance is necessary for the equipment, so as to minimize 
"down time." Other business relationships between the 
"owning" and "leasing" extremes may be imagined, 
such as a customer owning the equipment but engaging 
the manufacturer or service provider to maintain the 
equipment on a renewable contract basis. 

A common trend in the maintenance of office equip- 
ment, particularly copiers and printers, is to organize 
the machine on a modular basis, wherein certain dis- 
tinct subsystems of a machine are bundled together into 
modules which can be readily removed from machines 
and replaced with new modules of the same type. A 
modular design facilitates a great flexibility in the busi- 
ness relationship with the customer. By providing sub- 
systems in discrete modules, visits from a service 
representative can be made very short, since all the 
representative has to do is remove and replace a defec- 
tive module. Actual repair of the module takes place 
away at the service provider's premises. Further, some 
customers may wish to have the ability to buy modules 
"off the shelf," such as from an office supply store. 
Indeed, it is possible that a customer may lease the 
machine and wish to buy a succession of modules as 
needed. Further, the use of modules, particularly for 
supply units such as toner bottles, are conducive to 
recycling activities which are available, and occasionally 
mandatory, in many countries. 

In order to facilitate a variety of business arrange- 
ments among manufacturers, service providers, and 
customers of office equipment such as copiers and 
printers, it is known to provide these modules with elec- 



tronically-readable chips which, when the module is 
installed in a machine, enable the machine to both read 
information from the memory and also write information, 
such as a print count, to the module. The present inven- 
5 tion is directed to a generalized system for information 
exchanges between modules and machines in an envi- 
ronment of printers and copiers. 

Description of the Prior Art 

10 

US Patent 4,586,147 discloses an electrophoto- 
graphic printing apparatus having a "history information 
providing device." The device includes a non-volatile 
memory for taking out the latest failure information, 

15 such as the number of times of paper jam, and the latest 
maintenance information such as the total number of 
pages of printed paper and storing this information 
therein. The information thus stored in the non-volatile 
memory is accessed by causing the printer to print out 

20 the information stored in the non- volatile memory. 

US patent 4,961 ,088 discloses the basic concept of 
using an electronically-readable memory permanently 
associated with a replaceable module which can be 
installed in a digital printer. The embodiment disclosed 

25 in this patent enables a printer to check an identification 
number of the module, to make sure the module is 
authorized to be installed in the machine, and also ena- 
bles a count of prints made with the module to be 
retained in the memory associated with the module. 

30 US Patent 5,491 ,540 discloses a printer/copier hav- 
ing a plurality of replaceable parts therein. Each 
replaceable part has a memory chip associated there- 
with, and, within the total apparatus, the various mem- 
ory chips are connected in serial fashion by only a 

35 single wire. 

Summary of the Invention 

According to a first aspect of the invention there is 
40 provided a module installable in a printing apparatus, 
comprising an electronically-readable memory; a xero- 
graphic component; a first set point code, stored in the 
electronically-readable memory, the first set point code 
relating to an operating requirement of the xerographic 
45 component when the module is operated in a first pre- 
determined manner. 

Preferably the module further comprises a second 
set point code stored in the electronically-readable 
memory, the second set point code relating to an oper- 
50 ating requirement of the xerographic component when 
the module is operated in a second predetermined 
manner. 

Preferably the first predetermined manner is a first 
output speed and the second predetermined manner is 
55 a second output speed. 

Preferably the xerographic component is a coro- 
tron, or a portion of a development unit. 

Preferably the operating requirement is a voltage or 
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an AC frequency. 

According to a second aspect of the invention there 
is provided a method of operating a printing apparatus, 
comprising the steps of providing a subsystem in the 
apparatus, the subsystem being disposed in a module s 
which is separable from the apparatus, the module hav- 
ing an electronically-readable memory permanently 
associated therewith; providing an ancillary part in the 
apparatus, the ancillary part being separate from the 
module; storing in the electronically-readable memory 10 
in the module a code relating to an installation condition 
of the ancillary part. 

Preferably the code relates to whether the ancillary 
part was installed substantially simultaneous with 
installing the module, or the code relating to a date in is 
which the ancillary part was installed in the printing 
apparatus. 

Preferably the ancillary part comprising a quantity 
of toner marking material, a receptacle for waste mate- 
rial, and/or a feed roll for handling a sheet. 20 

According to a third aspect of the invention there is 
provided a method of operating a printing apparatus, 
comprising the steps of providing a subsystem in the 
apparatus, the subsystem being disposed in a module 
which is separable from the apparatus, the module hav- 25 
ing an electronically-readable memory permanently 
associated therewith; deriving a fault code, the fault 
code being symbolic of a predetermined type of mal- 
function in the apparatus; and when a malfunction of 
said predetermined type occurs, recording the fault 30 
code in the electronically-readable memory, and record- 
ing a time of said malfunction in the electronically-read- 
able memory. 

According to a fourth aspect of the invention there 
is provided a method of operating a printing apparatus, 35 
the printing apparatus including means for communicat- 
ing a status message, comprising the steps of providing 
a subsystem in the apparatus, the subsystem being dis- 
posed in a module which is separable from the appara- 
tus, the module having permanently associated 40 
therewith an electronically-readable memory; monitor- 
ing a use of the subsystem in the apparatus; retaining in 
the electronically-readable memory a code relating to a 
maximum use of the subsystem; retaining in the elec- 
tronically-readable memory a code relating to a cumula- 45 
tive use of the subsystem; retaining in the electronically- 
readable memory at least one service plan code; deter- 
mining a rate of use of the subsystem per unit of time; 
determining, from the rate of use of the subsystem, the 
maximum use of the subsystem, and the cumulative use so 
of the subsystem, a number of time units until the maxi- 
mum use of the subsystem is reached; the printing 
apparatus determining, based on the service plan code, 
threshold number of time units until the maximum use of 
the subsystem is reached, reaching said threshold 55 
number causing the printing apparatus to communicate 
a status message. 

Preferably the printing apparatus includes means 



for communicating a status message over a network, 
further comprising the step of the printing apparatus 
determining, based on a service plan code, whether or 
not a status message is communicated over the net- 
work. 

According to a fifth aspect of the invention there is 
provided a method of operating a printing apparatus, 
comprising the steps of: providing a subsystem in the 
apparatus, the subsystem being disposed in a module 
which is separable from the apparatus, the module hav- 
ing permanently associated therewith an electronically- 
readable memory; providing within the apparatus a bot- 
tle supplying marking material, the bottle being separa- 
ble from the module; determining a cumulative use of 
the marking material; determining a rate of use of the 
marking material per unit of time; retaining in the elec- 
tronically-readable memory a code relating to the maxi- 
mum amount of marking material usable from the bottle; 
and determining, from the rate of use of marking mate- 
rial, the maximum usable amount of marking material in 
the bottle, and the cumulative use of the marking mate- 
rial, a number of time units until the maximum usable 
amount of the marking material in the bottle is reached. 

Preferably the step of determining a cumulative use 
of the marking material includes monitoring a number of 
pixels requiring marking material processed by the 
apparatus. 

Preferably the method further comprises the step of 
retaining in the electronically-readable memory a trans- 
fer efficiency code relating to a transfer efficiency asso- 
ciated with the subsystem. 

According to a further aspect of the invention there 
is provided a module installable in a printing apparatus, 
comprising: an electronically-readable memory; a 
charge receptor; a corotron; a transfer efficiency code 
loaded in the electronically-readable memory, the trans- 
fer efficiency code relating to a transfer efficiency of the 
corotron transferring marking material from the charge 
receptor to a print sheet. 

According to a further aspect of the invention there 
is provided a method of operating a printing apparatus, 
the printing apparatus comprising a module separable 
from the printing apparatus, the module including an 
electronically-readable memory, a charge receptor, and 
a corotron, comprising the steps of: testing the module 
to determine a transfer efficiency of the corotron; and 
loading a code symbolic of the transfer efficiency into 
the electronically-readable memory. 

According to a further aspect of the invention there 
is provided a method of operating a printing apparatus, 
the printing apparatus comprising a module separable 
from the printing apparatus, the module including an 
electronically-readable memory and a subsystem of the 
printing apparatus, comprising the steps of: the printing 
apparatus reading from the electronically-readable 
memory a machine speed code relating to a predeter- 
mined speed of operation of the subsystem; and operat- 
ing the printing apparatus consistent with the 
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predetermined speed of operation of the subsystem. 

According to a further aspect of the invention there 
is provided a method of operating a printing apparatus, 
comprising the steps of: providing a subsystem in the 
apparatus, the subsystem being disposed in a module 
which is separable from the apparatus, the module hav- 
ing permanently associated therewith an electronically- 
readable memory; storing in the electronically-readable 
memory a code relating to a date of remanufacture of 
the module. 

According to a further aspect of the invention there 
is provided a method of operating a printing apparatus, 
comprising the steps of: providing a subsystem in the 
apparatus, the subsystem being disposed in a module 
which is separable from the apparatus, the module hav- 
ing permanently associated therewith an electronically- 
readable memory; storing in the electronically-readable 
memory a code relating to an identity of the printing 
apparatus. 

Preferably the method of claim further comprises 
the step of storing in the electronically-readable mem- 
ory a plurality of machine codes, each machine code 
relating to a printing apparatus in which the module has 
been installed. 

According to a further aspect of the invention there 
is provided a module installable in a printing apparatus, 
comprising: a rotatable charge receptor, the charge 
receptor having a landmark at a location along the cir- 
cumference thereof; an electronically-readable mem- 
ory; a seam signature code loaded in the electronically- 
readable memory, the seam signature code relating to a 
location of the landmark relative to the module at a par- 
ticular time. 

According to a further aspect of the invention there 
is provided a method of operating a printing apparatus, 
comprising the steps of: providing a module separable 
from the printing apparatus, the module having an elec- 
tronically-readable memory associated therewith, and 
including a rotatable charge receptor, the charge recep- 
tor having a landmark at a location along a circumfer- 
ence thereof; and 

loading a seam signature code in the electronically- 
readable memory, the seam signature code relating to a 
location of the landmark relative to the module at a par- 
ticular time. 

Preferably the rotatable charge receptor defines a 
plurality of pitches along the circumference thereof, the 
method further comprising the steps of: operating the 
printing apparatus, not using a disabled one of the plu- 
rality of pitches; and recording a location of the disabled 
one of the plurality of pitches relative to the landmark in 
the electronically-readable memory. 

Brief Description of the Drawing 

Figure 1 is a simplified, partially- elevational, par- 
tially-schematic view of an electrophotographic printing 
apparatus in which the aspects of the present invention 



6 

can be embodied. 

Detailed Description of the Invention 

5 Figure 1 is a simplified partially-elevational, par- 

tially-schematic view of an electrophotographic printing 
apparatus (hereinafter a "machine"), in this case a com- 
bination digital copier/printer, in which many of the 
aspects of the present invention can be embodied. (As 

10 used in the claims herein, a "printing apparatus" can 
apply to any machine that outputs prints in whatever 
manner, such as a light-lens copier, digital printer, fac- 
simile, or multifunction device, and can create images 
electrostatographically, by ink-jet, hot-melt, or by any 

15 other method.) The two main portions of hardware in 
the machine include a "xerographic module" indicated 
as 10, and a "fuser module" indicated as 12. As is famil- 
iar in the art of electrostatographic printing, there is con- 
tained within xerographic module 10 many of the 

20 essential hardware elements required to create desired 
images electrophotographically The images are cre- 
ated on the surface of a rotating photoreceptor 14 which 
is mounted on a set of rollers, as shown. Disposed at 
various points around the circumference of photorecep- 

25 tor 14 are a cleaning device generally indicated as 100, 
which empties into a "toner reclaim bottle" 102, a charg- 
ing corotron 104 or equivalent device, a developer unit 
106, and a transfer corotron 108. Of course, in any par- 
ticular embodiment of an electrophotographic printer, 

30 there may be variations on this general outline, such as 
additional corotrons, or cleaning devices, or, in the case 
of a color printer, multiple developer units. 

With particular reference to developer unit 106, as 
is familiar in the art, the unit 106 generally comprises a 

35 housing in which a supply of developer (which typically 
contain toner particles plus carrier particles) which can 
be supplied to an electrostatic latent image created on 
the surface of photoreceptor 14 or other charge recep- 
tor. Developer unit 106 may be made integral with or 

40 separable from xerographic module 10; and in a color- 
capable embodiment of the invention, there would be 
provided multiple developer units 106, each unit devel- 
oping the photoreceptor 14 with a different primary- 
color toner. A toner bottle 110, which could contain 

45 either pure toner or an admixture of carrier particles, 
continuously or selectably adds toner or developer into 
the main body of developer unit 106. In one particular 
embodiment of an electrophotographic printer, there is 
further supplied a developer receptacle here indicated 

so as 112, which accepts excess developer directly from 
the housing of development unit 106. In this particular 
embodiment, the developer receptacle 112 should be 
distinguished from the toner reclaim bottle 102, which 
reclaims untransferred toner from cleaning device 100. 

55 Thus, in the illustrated embodiment there are two sep- 
arate receptacles for used or excess developer and 
toner. 

Turning to fuser module 12, there is included in the 



ISDOCID: <EP 0877304A2J_> 



7 



EP0 877 304 A2 



8 



present embodiment all of the essential elements of a 
subsystem for fusing a toner image which has been 
electrostatically transferred to a sheet by the xero- 
graphic module 10. As such, the fuser module 12 
includes a pressure roll 120, a heat roll 122 including, at 5 
the core thereof, a heat element 124, and a web supply 
1 26, which provides a release agent to the outer surface 
of heat roll 122 so that paper passing between heat roll 
122 and pressure roll 120 does not stick to the heat roll 
1 22. For purposes of the claims herein, either a heat roll w 
or a pressure roll can be considered a "fuser roll." Also 
typically included in a fusing subsystem is a thermistor 
such as 128 for monitoring the temperature of a relevant 
portion of the subsystem. 

Paper or other medium on which images are 75 
desired to be printed are retained on one or more paper 
stacks. Paper is drawn from the stacks, typically one 
sheet at a time, by feed rolls such as indicated as 16a 
and 16b. When it is desired to print an image on a sheet, 
a motor (not shown) activates one of the feed rolls 16a, 20 
16b, depending on what type of sheet is desired, and 
the drawn sheet is taken from the stack and moved 
through a paper path, shown by the dot-dash line in the 
Figure, where it eventually comes into contact with the 
photoreceptor 14 within xerographic module 10. At the 25 
transfer corotron 108, the sheet receives an unfused 
image, as is known in the art. The sheet then passes 
further along the paper path through a nip formed 
between pressure roll 120 and heat roll 124. The fuser 
subsystem thus causes the toner image to be perma- 30 
nently fixed to the sheet, as is known in the art. 

In a digital printing apparatus, whether in the form 
of a digital printer or in a digital copier, images are cre- 
ated by selectably discharging pixel-sized areas on the 
surface of photoreceptor 14, immediately after the sur- 35 
face is generally charged such as by corotron 104. Typ- 
ically, this selective discharging is performed by a raster 
output scanner (ROS) indicated as 18, which, as is 
known, includes a modulating laser which reflects a 
beam off a rotating reflective polygon. Other apparatus 40 
for imagewise discharging of the photoreceptor 14, such 
as an LED bar or ionographic head, are also known. 
The image data operative of the ROS 18 or other appa- 
ratus typically generated by what is here called an "elec- 
tronic subsystem" or ESS, here indicated as 20. (For 45 
clarity, the necessary connection between ESS 20 and 
ROS 18 is not shown.) 

The ESS 20 can receive original image data either 
from a personal computer, or one of several personal 
computers or other apparatus on a network, or, in the so 
case where the apparatus is being used as a digital cop- 
ier, via a photosensor bar here indicated as 22. Briefly, 
the photosensor bar 22 typically includes a linear array 
of pixel-sized photosensors, on which a sequence of 
small areas on an original hard-copy image are focused. 55 
The photosensors in the array convert the dark and light 
reflected areas of the original image into electrical sig- 
nals, which can be compiled and retained by ESS 20, 



ultimately for reproduction through ROS 18. 

If the apparatus is being used in digital copier 
mode, it is typically desired to supply an original docu- 
ment handler, here generally indicated as 24, to present 
either or both sides of a sequence of hard-copy original 
pages to the photosensor bar 22. As is familiarly known, 
a document handler such as 24 may include any 
number of rollers, nudgers, etc. one of which is here 
indicated as 26. 

According to one aspect of the present invention, 
there is further provided within an electrophotographic 
printing/copying apparatus, what is here called a "distri- 
bution board" 30. The distribution board 30 can send or 
receive messages, as will be described below, through 
the same network channels as ESS 20, or alternately 
through a telephone or facsimile line (not shown); alter- 
nately, the distribution board 30 can cause messages to 
be displayed through a display 32, typically in the form 
of a touch screen disposed on the exterior of the appa- 
ratus. 

Distribution board 30 interacts with specially- 
adapted memory devices, here called "customer 
replaceable unit monitors," or CRUMs, which are asso- 
ciated with one or more customer-replaceable modules 
within the apparatus. In the illustrated embodiment, 
xerographic module 10 and fuser module 12 are each 
designed to be customer-replaceable; i.e.. for servicing 
purposes, the entire module 10 or 12 is simply removed 
in its entirety from the apparatus, and can then be 
immediately replaced by another module of the same 
type. As is familiar in the copier or printer industry, con- 
sumers can buy or lease individual modules as needed, 
and typically replace the modules without any special 
training. As illustrated, the xerographic module 10 has 
associated therewith a CRUM 11, while the fuser mod- 
ule 12 has associated therewith a CRUM 13. In a partic- 
ular embodiment, the xerographic module 10 may 
further have associated therewith the toner reclaim bot- 
tle 1 02 and the developer receptacle 112, both of which 
are separable units. 

The overall purpose, which will be described at 
length below, of each CRUM 1 1 and 13 is to retain infor- 
mation for the particular module about how that module 
is being used within a machine. Each CRUM 11 or 13 
can be considered a small "notepad" on which certain 
key data is entered and retained, and also periodically 
updated. Thus, if a particular module 10 or 12 is 
removed from an apparatus, the information will stay 
with the module. By reading the data that is retained 
within a CRUM at a particular time, certain use charac- 
teristics of the CRUM can be discovered. 

According to a preferred embodiment of the present 
invention, the CRUM 11 or 13 is basically in the form of 
a 2K bit serial EEPROM (electrically erasable program- 
mable read only memory). Each CRUM 11, 13 is con- 
nected to distribution board 30 using a two-wire serial 
bus architecture. The non-volatile memory within the 
CRUM is designed for special applications requiring 



BNSDOCID: <EP 0877304A2J_> 



9 



EP 0 877 304 A2 



10 



data storage in a ROM, PROM, and EEPROM mode. 
There is also preferably included in the device a special 
protection circuit which can be activated only one time. 
If this protection circuit is used, the memory content 
cannot be accessed regardless of the power supply or 5 
bus conditions. Each CRUM such as 1 1 or 13 can serve 
as both a transmitter and receiver in the synchronous 
transfer of data with distribution board 30 in accordance 
with a bus protocol. 

The bus connecting distribution board 30 with one 10 
of the CRUMS 11 or 13 comprises two bidirectional 
lines, one for data signals and the other for clock sig- 
nals. According to a preferred embodiment of the 
present invention, each data transfer, either data being 
sent to the CRUM or recordation therein, or being sent 15 
out of the CRUM for reading thereof, is initiated with a 
special "start data transfer" condition, which for example 
could be defined as a change in the state of the data line 
from high to low, while the clock is high. Each data 
transfer, in either direction, is terminated with a stop 20 
condition, one example of which can be a change in the 
state of the data line from low to high while the clock is 
high. The serial data passing between the distribution 
board 30 and a CRUM thus exists between the start 
condition and the stop condition; in a preferred embodi- 25 
ment, the number of data bytes between the two condi- 
tions is limited to 8 bytes when updating data within the 
CRUM, and is not limited when reading data out of the 
CRUM. Typically, each byte of 8 bits is followed by one 
acknowledge bit. This acknowledge bit is a low level put 30 
on the bus by the CRUM, whereas the distribution board 
receiving the data will generate an extra acknowledge- 
related clock pulse. US Patent 4,961 .088, incorporated 
by reference above, gives a general teaching of the 
hardware required for reading a numerical code from a 35 
memory associated with a replaceable module in a dig- 
ital printing apparatus. 

With respect to the different types of data which can 
be stored in a CRUM such as 11 or 13 to be read or 
updated by distribution board 30, the following detailed 40 
descriptions of each type of data can be applied to 
either CRUM 11 or CRUM 13, although of course cer- 
tain types of data will be particularly unique to one type 
of module, either the xerographic module 1 0 or the f user 
module 12. 45 

Service plan: This is a code placed at a location in 
the one-time programmable memory of the CRUM. A 
service plan is given a number associated with the par- 
ticular arrangement that exists between the user of the 
machine and the manufacturer or service organization, so 
For example, one service plan could specify that the 
machine is owned by the user, and the user will buy 
modules and other parts as they become necessary to 
replace. Alternately, another service plan could be a 
lease arrangement where it becomes the responsibility ss 
of the manufacturer or service organization to replace 
modules well in advance of any end-of-life of a module. 
In terms of data transfers between a CRUM and the dis- 



tribution board 30, the identity of the service plan which 
is loaded by the manufacturer into the CRUM and read 
by the distribution board 30 at install of the module will 
affect what information is displayed through distribution 
board 30, and in what manner. For example, a "lease" 
arrangement (symbolized by a particular service plan 
code in the CRUM) could instruct the distribution board 
30 to send a request to re-order new modules through 
the network or over a phone line to the manufacturer, in 
a manner which is invisible to the user; in contrast, 
under a "ownership" arrangement (symbolized by a dif- 
ferent service plan code in the CRUM), where it is the 
responsibility of the user to obtain new modules, an indi- 
cation that a module needs to be replaced will instead 
be displayed on display 32. Similarly, if some sort of 
unauthorized module is placed in the machine, that is a 
module in which the "service plan" code is not recog- 
nized by the distribution board 30. then distribution 
board 30 can cause a warning to be displayed on dis- 
play 32 that, for example, a warranty is in danger of 
being voided. 

Market region: This is another code, placed by the 
manufacturer in a predetermined address in the CRUM 
memory, which identifies the module as belonging to a 
particular market region, such as a geographical region. 
For various reasons it may be desirable that the geo- 
graphic regions of the module and the complete appara- 
tus be the same: for instance, a European machine is 
designed for 220 volts, while a US machine is designed 
for 1 10 volts, and to place a wrong type of module in a 
machine could be catastrophic. Thus, within an initiali- 
zation procedure, the distribution board 30 reads a code 
describing a market region stored in the CRUM memory 
for a confirmation that the market region of both the 
modules and the machine match. 

Print count: This is the number of prints which have 
been created by a particular module.* This number is 
derived by having the distribution board 30 first read the 
current value of this print count from the CRUM mem- 
ory, and subtract from (or add to) this number every time 
the ESS 20 causes a print to be output Periodically, 
such as every five minutes or after every predetermined 
amount of time in which the machine is not outputting 
prints, the value of the print count is updated in the 
CRUM memory. 

Maximum print volume value: This is a number, 
entered into a predetermined location in the CRUM 
memory at manufacture or remanufacture of the mod- 
ule, which states the maximum rated number for prints 
the particular module is designed to output before 
replacement. This maximum print volume will of course 
be compared with the current print count, and when the 
print count reaches a certain range relative to the maxi- 
mum print volume, the distribution board 30 can 
(depending on the service plan) display a particular 
message on display 32 and/or place a "reorder" notice 
over the network or phone line to the manufacturer or 
supplier, indicating that the module will soon need 
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replacement. 

The maximum print volume code can further relate 
to a service plan selected by the user. For example, if a 
user prefers a long life of a module over print quality, a 
relatively high maximum print volume can be written into 5 
the CRUM, even if that means the later prints may not 
be of optimal quality; conversely, a user with high quality 
requirements may desire a service plan with relatively 
low maximum print volume so that optimal print quality 
can be guaranteed for all prints. Such differences in 10 
desired service plans can be manifest in a service plan 
code and/or the maximum print volume code; a particu- 
lar service plan code in a CRUM such as 1 1 may even 
signal the print-quality algorithms in the machine to be 
more or less tolerant of less-than-optimal print quality, 75 
depending on user desires. 

Print count security: This is a number, placed in 
one-time programmable memory within the CRUM 
memory, which acts as a "check" to the CRU print count. 
In a typical embodiment, after every 15,000 (or other 20 
number) prints counted by the print count, the number in 
print count security is changed, typically by changing 
one bit in the print count security memory from 1 to 0 or 
vice versa. An important feature of the print count secu- 
rity value is that, because it is in one-time programma- 25 
ble memory, it cannot be tampered with by someone 
trying to artificially extend the useful life of the module. 
A fuller description of the principle of using a print count 
security feature is given in US patent 5,283,613. 

Pixel usage: This is a number, periodically updated so 
through the distribution board 30, which represents the 
total cumulative usage of the particular module in terms 
of the number of pixels, or only print-black pixels, which 
have been printed by the module. The cumulative 
number of pixels can be used as an important parame- 35 
ter for judging the overall use of the particular module. A 
relatively high number of black pixels, for example, 
would indicate a relatively high toner coverage of sheets 
passing through a particular module, and is a strong 
indication of how much physical wear is being experi- 40 
enced by the module. Similarly, the cumulative pixel 
usage can be compared with a simultaneous print count 
in a particular CRUM memory at a particular time, and a 
number of pixels (or just black pixels) per individual print 
can be readily determined. (The pixel coverage per print 45 
can also be normalized taking into account different 
sheet sizes.) The raw data by which pixel usage is 
determined can be derived either from the image data 
output by the ESS 20, or more directly could be derived 
by simply monitoring the behavior of the ROS 18 over so 
time. For example, the relative amount of time a laser in 
ROS 1 8 is on or off when printing a sheet-sized image 
can be readily used as an indication of how much black- 
area coverage exists on a every sheet. 

Of course, in a color-capable embodiment of the ss 
invention, where there would be a separate developer 
unit 106 for each primary color toner, the "black" pixel 
usage calculation could be performed and recorded 



with respect to each color separation generated by the 
machine. 

Maximum pixel usage value: This is a number 
placed in one-time programmable memory at manufac- 
ture or remanufacture of the module, which indicates a 
maximum rated value of number of pixels, or black pix- 
els, which could be output by the module. Once again, 
as with print count, the pixel usage stored in the CRUM 
memory is periodically compared with the maximum 
pixel usage, and once the pixel usage count reaches a 
certain range relative to the maximum pixel usage 
value, the distribution board 30 can either display a 
message on display 32 and/or notify a manufacturer or 
service representative through the network or phone 
line. It is also possible to provide a system which retains 
the average daily pixel count, once again by dividing the 
pixel usage by a number of days, and this number may 
also be useful in servicing or remanufacture. 

US Patent 5,636,032 gives a general teaching of 
pixel-counting techniques useful for determining a con- 
sumption rate of marking material. 

Machine average daily print volume: This is a 
number stored at a predetermined location within the 
CRUM memory, which represents the number of prints 
that have been made with the module divided by a cer- 
tain number of days. The specific technique by which 
this number is derived and daily updated by distribution 
board 30 can be approached in a number of ways. For 
example, with every daily update, the distribution board 
30 can maintain a ten-day moving average of prints per 
day. Alternately, if a remote service organization 
accessing the distribution board over the network sys- 
tematically polls the machine on a periodic basis, such 
as every three days, the number can be derived by 
counting the number of prints since the last remote poll- 
ing, and this number can be divided by the number of 
days since the last polling. This number can be particu- 
larly valuable when the module is being serviced or 
remanufactured, because it can be an indication of the 
overall stress that takes place on a daily basis on the 
module. 

In a preferred embodiment of the invention, there 
are provided at least four status messages at which a 
machine will display or otherwise communicate the 
approach of a need to replace a module. These status 
messages are determined by the machine extrapolating 
the average daily print volume, and when a particular 
threshold number of days to module replacement is 
reached, an appropriate status message is communi- 
cated by the machine, either to the end user through the 
display 32 or directly to the service provider over a net- 
work. For example, the machine can communicate a 
"reorder module" message at some point between 10 
and 25 days (the exact day being set by user prefer- 
ence, or as a result of particular service plan code) 
before the expected end of life of the module; a "prepare 
to replace" message at some point between 2 and 5 
days; a "replace today" message at 1-2 days; and finally 
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a "hard stop" message when the module runs out. The 
particular service plan code stored in the CRUM, men- 
tioned above, can signal to the apparatus at what prede- 
termined threshold number of days (such as between 
10 and 25 days) a particular status message should be 5 
communicated (either through the network or through 
the display) to the user. 

The service plan code can also include data sym- 
bolic of an instruction to communicate a particular sta- 
tus message over the network (in the case of, for 10 
example, a leased machine), or through display 32 (in 
the case of for example, a user-owned machine or a 
stand-alone copier), or both. Of course, depending on a 
particular design, certain types of messages can be dis- 
played and other types of messages can be transmitted 15 
over the network, and how any message is communi- 
cated can be determined by the service plan code. 

Machine speed code: In a product family, a design 
option is to provide essentially the same hardware 
across different-speed products, e.g., the same basic 20 
machine, including the same basic design of replacea- 
ble modules, can be sold in either a 40 ppm (page-per- 
minute) or 60 ppm version. According to one aspect of 
the present invention, a code relating to whether a mod- 
ule such as 10 or 12 is suitable for use at a particular 25 
speed (or both speeds) is retained in the associated 
CRUM 11 or 1 3. A machine design option is to program 
the machine to operate only at a maximum speed 
"authorized" by the machine speed code in the CRUM, 
so that, for example, if a 40 ppm module is installed in a 30 
machine with a "top speed" of 60 ppm, the machine 
reading the machine speed code of 40 ppm will be con- 
strained to operate only at 40 ppm, such as by operating 
stepper motors in the machine at a special, lower fre- 
quency. 35 

Ancillary part code: In one practical embodiment of 
the present invention, a xerographic module such as 
when shipped to the customer is bundled with a number 
of feed rolls such as shown in Figure 1 as 16a or 16b. 
Although in this particular embodiment feed rolls are at 40 
issue, the general concept here can be applied to any 
part within the apparatus which is not part of a module, 
but which nonetheless should be periodically replaced 
by the user. Another possible candidates for occasional 
replacement would be, for example, the roller 26 or 45 
other part associated with the automatic document han- 
dler 24. 

The overall intention is that an ancillary replaceable 
part which is not directly part of the module can still rely 
on a CRUM within a particular module to remind the so 
user (through display 32) and/or instruct the manufac- 
turer (by distribution board 30 communicating to the 
manufacturer or service organization through the net- 
work) that a particular part is due to be replaced. In the 
case where it is the user's responsibility to replace the 55 
feed roll 16a or 16b, typically the distribution board 30 
will have a protocol in which the user is requested to 
enter in via the display a confirmation that he has 



indeed replaced a particular feed roll. Other possible 
ancillary parts include the toner bottle 110, toner 
reclaim bottle 102 or the used developer receptacle 
112, which typically do not have CRUMs directly associ- 
ated therewith. Depending on the particular ancillary 
part that has to be replaced in addition to the module, 
the presence of such a feature will be adapted accord- 
ingly depending on how often the particular part must 
be replaced relative to the rate of replacement of the 
module having the CRUM. 

In one currently-preferred embodiment of the inven- 
tion, a particular code in the CRUM is used to retain a 
value related to a number of feed rolls which were 
shipped with the whole module. However, more gener- 
ally, such a code in the CRUM can store information 
about an "installation condition" of the ancillary part: for 
instance the code can relate to whether the ancillary 
part was installed substantially simultaneously with the 
module, or to the date the ancillary part was installed in 
the apparatus. 

The high level of detail in machine and module per- 
formance afforded by CRUM systems of the present 
invention facilitates sophisticated relationships between 
the customer and the manufacturer or other service 
organization. For example, toner bottle 110, which as 
mentioned above can contain either pure toner or toner 
with an admixture of carrier particles, is typically 
replaced relatively often by a customer, typically ten 
replacements of a toner bottle 110 relative to each 
replacement of a module 10. Similarly, the developer 
receptacle 112 and toner reclaim bottle 102 occasion- 
ally fill and similarly must be emptied and/or replaced by 
the user. With the features of the present invention, 
those parts which are replaced fairly often by a relatively 
untrained user can be monitored without the expense 
of, for example, placing sensors within the parts, which 
is a common practice. For example, because the distri- 
bution board 30 is capable of determining values of 
average print count per day and average pixel count per 
day. the system is capable of extrapolating how many 
days in the future the toner bottle 110 will run out or 
toner reclaim bottle 1 02 or developer receptacle 112 will 
fill. 

In the case of toner bottle 110, once an amount of 
toner (or, in the general case, any marking material 
such as liquid ink) consumption per day is established, 
and if the cumulative daily consumption and original vol- 
ume of toner in bottle 110 is known, the machine can 
predict when the toner bottle 110 will be empty, based 
on the same criteria used to determine the expected 
replacement date of the xerographic module 10: the 
maximum usable amount of toner in toner bottle 110, 
the cumulative use of toner from toner bottle 110, and 
the calculated rate of toner usage per day. (One or all of 
the numbers relating to the amount of toner and the 
usage thereof can be retained in CRUM 1 1 , or else in a 
memory within the machine itself.) This information 
facilitates a system where the distribution board 30 can 
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display, a predetermined number of days in advance, 
that the toner bottle will need replacement. In the case 
where orders for new toner bottles are made directly by 
distribution board 30 over a network to the service 
organization, the machine can be programmed to place 
the order for a new toner bottle two or three days in 
advance of expected run out, so that a new toner bottle 
110 can be mailed to the customer. The same principle 
will apply to the emptying and/or replacing of developer 
receptacle 112. 

In the case of toner reclaim bottle 102, the rate at 
which the receptacle is filled will depend not only on the 
amount of coverage of images created by ROS 18, but 
also on the transfer efficiency of the transfer corotron 
108: If the transfer efficiency is relatively low, a relatively 
large amount of toner will remain on the surface of pho- 
toreceptor 14 even after the transfer step, and this 
untransferred toner will end up in toner reclaim bottle 
102, Thus, according to one aspect of the present 
invention, the expected fill -up point of toner reclaim bot- 
tle 102 is determined by an average number of pixels 
per day and a measured transfer efficiency of the mod- 
ule 10. 

In order to obtain this value of transfer efficiency, 
one technique is to have the module 10 tested at manu- 
facture or remanufacture and a transfer efficiency code 
relating to the actual transfer efficiency written into the 
CRUM 1 1. In this way, at install, the distribution board 
30 can simply read out the transfer efficiency of the par- 
ticular module 10, and use that number in calculations 
of the expected fill-up time, in days, of toner reclaim bot- 
tle 102. 

Module serial number, module date of manufacture 
or remanufacture, list of machine serial numbers: These 
numbers are either entered into a predetermined loca- 
tion in the CRUM by the manufacturer, or, in the case of 
the machine serial number, entered into the CRUM by 
the machine itself, via distribution board 30, at install. 
This information is always useful when the module is 
being remanufactured or serviced, and the machine 
itself may have a use for knowing the module serial 
number and date of manufacture. For example, the dis- 
tribution board 30 may be programmed to recognize 
that a module manufactured before a certain date will 
lack certain updated features, and can operate the mod- 
ule accordingly. Maintaining a list of the serial numbers 
of all machines in which the module has been installed 
in its lifetime may be useful in determining whether a 
particular machine is acting on a particular module in an 
undesirable manner. (With regard to the claims herein, 
the original manufacture of a module can count as a 
"remanufacture" for dating purposes.) 

Set point data: The CRUM such as 11 can have 
loaded at certain predetermined locations in the mem- 
ory therein, numbers or other codes which directly 
relate to specific operating requirements of various 
components within xerographic module 10. For 
instance, the charge corotron 104, the development unit 



106, and transfer corotron 108, along with any other 
electrical structure within the module 10, may each 
need to be biased to a very specific potential in order for 
the machine to operate optimally. In a more sophisti- 

5 cated variation, any or all of the various components to 
be biased may optimally be biased according to a spe- 
cific function which may relate to one or more external 
variables such as, for example, temperature, humidity, 
and current toner level in the development unit (In the 

io claims herein, a "xerographic component" shall include 
any electric device or electronic component, such as 
charge corotron 104, development unit 106, or transfer 
corotron 108, which operates to change a potential on a 
charge receptor such as photoreceptor 14.) 

is Thus, according to one aspect of the present inven- 
tion, there can be stored at predetermined locations 
within the memory of CRUM 1 1 "set point codes" (either 
absolute numbers, or special codes which relate to 
absolute numbers) of how much each individual xero- 

20 graphic component within the module 10 should be 
biased by the machine (or, some other relevant operat- 
ing characteristic of the xerographic component, such 
as AC frequency). Alternately, the set point codes could 
indicate one of a selectable set of functions, such as 

25 look-up tables, which represent functions by which the 
optimal bias of different components should be calcu- 
lated. 

Further, the CRUM 1 1 or 13 could contain or retain 
information useful in calibrating on-board sensors such 

30 as thermistors or electrostatic voltmeters: the calibration 
could be done at manufacture or remanufacture, and 
the results of the calibration (i.e.. the tested resistance 
of a thermistor as a function of temperature at certain 
test points, or an offset value for a voltmeter) could be 

35 loaded into the CRUM just before delivery of the module 
to the customer. 

Further, with reference to set points, it may be 
desirable to provide a system in which a module 10 of a 
single basic design can be installed in machines which 

40 operate at different speeds, such as 40 ppm or 60 ppm. 
It is likely that a particular component in a module which 
is installed in a 40 ppm machine will have different volt- 
age, power, and/or frequency requirements than if the 
module were installed in a 60 ppm machine. A similar 

45 system can be provided to retain in the CRUM 1 1 or 13 
one set of power and voltage requirements H the module 
is installed in a monochrome machine, and another set 
of requirements for when the module is installed in a 
color-capable machine. According to one variation of 

so the present invention, different sets of set points can be 
stored in different predetermined locations in memory, 
and the machine will access those addresses in mem- 
ory depending on whether the machine is rated at one 
speed or capability or the other. In this way, a module of 

55 a single basic design can be installed and function suc- 
cessfully in machines rated at different speeds. 

Seam signature: This is a feature unique to the 
CRUM 11 associated with the xerographic module 10. 
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In one particular embodiment of the invention, a belt 
type photoreceptor such as 14 in Figure 1 has a seam 
where an image should not be created. It is therefore 
desirable that one should know the location of the seam 
or other "landmark" around the circumference of pho- 5 
toreceptor belt 14 if the module 10 is removed from a 
machine. Such a seam or other landmark is indicated in 
the Figure as 15. It is useful to remember the location of 
the seam 15 for the benefit for a subsequent machine in 
which the module 1 0 is installed, so that the subsequent 70 
machine will not accidentally cause an image to be 
placed over the seam. There are many possible ways in 
which the distribution board 30 can determine the loca- 
tion of the seam 15 in belt 14 at a given time, so that it 
may relay this information to the CRUM memory just 75 
before the module is removed. One possible technique 
is to provide encoder marks (not shown) which can be 
read by various photosensitive devices distributed on 
the circumference of photoreceptor belt 1 4 in a manner 
known in the art. Another technique is simply to have 20 
the distribution board maintain a running count of the 
different types of images that have been printed with the 
module 10 since the last time the location of the seam 
15 was determined (e.g., when the module 10 was first 
installed into the machine, and the seam location was 2 5 
read). 

Storage of a seam signature code in the CRUM 1 1 
can also be used in a system in which the CRUM 11 
retains data relating to "disabled pitches" along the pho- 
toreceptor belt. For example, US Patent 5,173,733 dis- 30 
closes an electrophotographic printing apparatus in 
which latent images can be formed on a plurality of 
pitches on a rotating photoreceptor belt. If a defect is 
detected in one of the pitches, the particular pitch along 
the circumference of the photoreceptor belt can be dis- 35 
abled so that the formation of images on that section is 
prevented. With the present invention, by using the 
seam signature code in the CRUM 1 1 , the location rela- 
tive to the seam 15 of such a disabled pitch along the 
photoreceptor belt can be retained by a disabled-pitch 40 
code in the CRUM as well, so that the disabled pitch can 
be quickly identified by service personnel servicing the 
module, or, alternately, so the pitch will continue to be 
disabled if the module 10 is installed in another 
machine. 45 

Component failure/fault code: This is a space within 
the CRUM memory where fault codes, each code being 
associated with a particular type of hardware failure or 
other malfunction within the machine, can be recorded, 
along with the date and time of the failure, in a predeter- so 
mined memory location in the CRUM of a particular 
module. Such information is noted by the distribution 
board or other control system within the machine in a 
manner familiar in the art. This information is useful 
when the module is disinstalled and remanufactured. 55 

Fuser power and voltage requirements: This is a 
number, unique to the CRUM 13 in fuser module 12, 
which is loaded into the CRUM memory at manufacture 



where numbers relating to the voltage and power 
requirements required to operate the particular fusing 
subsystem in module 12. Upon the install of module 12, 
distribution board 30 reads these requirements from the 
CRUM 13, and then is capable of sending the desired 
voltage and power levels to the fuser subsystem. This 
feature is important, for example, because successive 
generations of fusing subsystems may require different 
voltage and power levels, and it is useful to be able to 
take advantage of lower requirements afforded by 
newer module designs. 

An important variation is to provide a system 
whereby the CRUM 13 provides to the machine different 
requirements depending on the rated output speed of 
the machine, such as either 60 ppm or 40 ppm. The 
speed rating of the particular machine may have an 
effect on the power requirements to the fusing subsys- 
tem, and thus the CRUM 13 will provide different 
answers to different power requirements depending on 
the speed of the machine it is installed in. The CRUM 13 
can retain the requirements for one speed at one 
address in memory, and the requirements for the other 
speed at another address, and the machine will read out 
of one memory address or the other depending on its 
speed. In this way, the same basic fusing module 12 can 
be installed in machines of different rated speeds, and 
the CRUM 13 will "request" particular wattage and volt- 
age accordingly. The same principle can be applied so 
that the CRUM 13 can retain different requirements at 
different memory locations for either a monochrome or 
a color-capable machine. 

Another variation on this principle is to provide at a 
predetermined memory location in CRUM 13 numbers 
representative of temperature requirements or upper or 
lower temperature limits, as opposed to electricity 
requirements, for the fuser subsystem (in such a case, 
for instance, if an upper temperature limit is reached, a 
safety problem can result and the apparatus may simply 
shut itself off). If the apparatus includes temperature- 
sensing devices, the machine can provide suitable 
power and voltage to obtain the desired temperature as 
sensed by the device. Once again, different speed or 
type machines (or the use of different materials as print 
sheets, such as heavy stock or transparencies) may 
require different fuser temperatures, and so the different 
numbers can be stored at different memory locations. 

Further with reference to CRUM 13, there may be 
provided at a predetermined location in memory a code 
useful for calibration of a thermistor such as 128. For 
instance, a thermistor will have associated therewith an 
offset voltage which can be interpreted as a certain 
absolute temperature, and/or there may be a particular 
slope of a function relating output voltage to tempera- 
ture. The CRUM 13 can retain codes symbolic of the off- 
set and/or the slope (the slope and offset are referred to 
in the claims generally as "calibration parameters"). 
These codes can be loaded into CRUM 13 at manufac- 
ture or remanufacture based on a direct test of the ther- 
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mistor in a particular module. This is also useful in 
cases where a new design of a thermistor is incorpo- 
rated in a new f user module 1 2: by loading the offset 
and slope into CRUM 13, a new design fuser module 
can be readily installed in a relatively old machine. 

Web usage: This is a requirement of fusing module 
1 2. This is a number stored in the CRUM 13 and period- 
ically updated by distribution board 30, reflective of the 
cumulative amount of use, either in terms of length or 
number of prints made, of fuser cleaning web 126 within 
the fuser module. Also preferably retained in CRUM 13 
is a code symbolic of a maximum use, either in terms of 
web length or number of prints, that can be made with 
the web 126. Once again, as with other consumables, 
the usage per unit time of web 126 can be determined 
and compared with the maximum use to predict a 
replacement time. After a predetermined amount of web 
126 has been consumed, the distribution board 30 can 
communicate either through display 32 or over the net- 
work that the web 126, or the module 12 as a whole, 
should be replaced within a certain calculated amount 
of time. 

The usage of the web 126 can be measured in any 
manner familiar in the art, such as by associating a 
counter with a stepper motor or other mechanism (not 
shown) which moves web 126; or, alternately, the usage 
of web 126 can be inferred from a number of prints 
made by the apparatus since the last install of a fuser 
module 12. The CRUM 13 can also retain at a predeter- 
mined location therein a code symbolic of the length of 
web 126 provided at install of a particular module 12; in 
this way, alternate designs of fuser module 12 (such as 
a "long-life" web 126 of a particularly long length, or a 
low-cost module with a relatively short web 126) can be 
taken into account. Further, CRUM 13 can retain at a 
predetermined location therein a code symbolic of a 
desired web speed for web 1 26, which would be mani- 
fest in, for example, the frequency of signals sent to a 
stepper motor which moves web 126; in this way, a 
module 12 having a new design web 126, which may 
not require as fast a motion for effective cleaning as a 
previous design, can be installed. 

Claims 

1. A module installable in a printing apparatus, com- 
prising: 

an electronically-readable memory; 

a xerographic component; 

a first set point code, stored in the electroni- 
cally-readable memory, the first set point code 
relating to an operating requirement of the 
xerographic component when the module is 
operated in a first predetermined manner, and 



a second set point code stored in the electroni- 
cally-readable memory, the second set point 
code relating to an operating requirement of 
the xerographic component when the module is 
5 operated in a second predetermined manner. 

2. The module of claim 1 , wherein the first predeter- 
mined manner is a first output speed and the sec- 
ond predetermined manner is a second output 

10 speed. 

3. The module of claim 1, wherein the xerographic 
component is a corotron, or a portion of a develop- 
ment unit. 

75 

4. The module of claim 1, wherein the operating 
requirement is a voltage or an AC frequency. 

5. A method of operating a printing apparatus, com- 
20 prising the steps of: 

providing a subsystem in the apparatus, the 
subsystem being disposed in a module which 
is separable from the apparatus, the module 
25 having an electronically-readable memory per- 

manently associated therewith; 

providing an ancillary part in the apparatus, the 
ancillary part being separate from the module; 

30 

storing in the electronically-readable memory 
in the module a code relating to an installation 
condition of the ancillary part. 

35 6. The method of claim 5, the code relating to whether 
the ancillary part was installed substantially simul- 
taneous with installing the module, or the code 
relating to a date in which the ancillary part was 
installed in the printing apparatus. 

40 

7. The method of claim 5, the ancillary part compris- 
ing a quantity of toner marking material, a recepta- 
cle for waste material, and/or a feed roll for handling 
a sheet. 

45 

8. A method of operating a printing apparatus, com- 
prising the steps of: 

providing a subsystem in the apparatus, the 
so subsystem being disposed in a module which 

is separable from the apparatus, the module 
having an electronically-readable memory per- 
manently associated therewith; 

55 deriving a fault code, the fault code being sym- 

bolic of a predetermined type of malfunction in 
the apparatus; and 
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when a malfunction of said predetermined type 
occurs, recording the fault code in the electron- 
ically-readable memory, and 

recording a time of said malfunction in the elec- s 
tronically-readable memory. 

9. A method of operating a printing apparatus, the 
printing apparatus including means for communi- 
cating a status message, comprising the steps of: 10 

providing a subsystem in the apparatus, the 
subsystem being disposed in a module which 
is separable from the apparatus, the module 
having permanently associated therewith an is 
electronically-readable memory; 

monitoring a use of the subsystem in the appa- 
ratus; 

20 

retaining in the electronically-readable memory 
a code relating to a maximum use of the sub- 
system; 

retaining in the electronically-readable memory 25 
a code relating to a cumulative use of the sub- 
system; 

retaining in the electronically-readable memory 
at least one service plan code; 30 

determining a rate of use of the subsystem per 
unft of time; 

determining, from the rate of use of the subsys- 35 
tern, the maximum use of the subsystem, and 
the cumulative use of the subsystem, a number 
of time units until the maximum use of the sub- 
system is reached; 

40 

the printing apparatus determining, based on 
the service plan code, 

threshold number of time units until the maxi- 
mum use of the subsystem is reached, reach- 45 
ing said threshold number causing the printing 
apparatus to communicate a status message. 
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